ABSTRACT Short-carbon-fibre-reinforced SiC composites were prepared by precursor pyrolysis-hot pressing with Polycarbosilane (PCS) as precursor polymer and MgO-Al 2 O 3 -Y 2 O 3 as sintering additives. The effects of PCS content on microstructures and mechanical properties of the composites were investigated. The results showed that, the composites could be densified at a relatively low temperature of 1800? via the liquid-phase-sintering mechanism and the highest mechanical property was obtained for the composites with 20wt. % PCS content. During sintering, Y 2 O 3 , Al 2 O 3 reacted with the pyrolysis products from PCS and formed amorphous interphase, which was benefit of densification of the composites and avoidance of degeneration of the carbon fibres. The nano PCS-derived SiC almost lied on the surface of the particle of starting powder â-SiC, which could play a role of filling up the void and improve the relative density of the composites.
Silicon carbide (SiC) is widely used for structural applications thanks to its good mechanical properties (hardness, fracture strength). Furthermore it is well known that SiC showed high corrosion resistance and thermo-stability at high temperature [1] . Over the past years, various kinds of SiC-based composites, including particulate-, whisker-and fibre reinforced SiC composites have been extensively studied [2] [3] [4] . Much attention has been focused on continuous fibrereinforced ceramic matrix. These composites were fabricated by chemical vapour infiltration (CVI), polymer infiltration and pyrolysis (PIP), melt infiltration (MI) and hot-pressing (HP) methods [5] [6] [7] [8] [9] [10] [11] . However, because of the lengthy applied cycles, much time is required in those methods to produce a dense component, which may result in high-cost for even simple shapes. Short-fibre-reinforced composites will increasingly be used in a wide range of application because of their easy adaptability to conventional manufacturing techniques and then low cost of fabrication [12] . The increasing number of applications of short-fibre-reinforced composites makes it more important to understand their mechanical properties, which depend strongly on the interfacial bonding between fibre and matrix. The desirable fibre/matrix interphase characteristics played a key role in controlling mechanical properties of the fibre reinforced composites [13] .
PCS had been widely used as a precursor polymer for SiC fibres and fibre-reinforced composites. The use of precursor pyrolysis followed by hot press sintering is one of the best techniques to obtain dense ceramic matrix composites. The reaction of Al 2 O 3 , and Y 2 O 3 with the SiO 2 of the pyrolysis products from PCS was responsible for the formation of the liquid phase, which was distributed to the grain boundaries and fibre/matrix interphase mainly in an amorphous form after sintering. So the degradation of the carbon fibres, which was caused by high sintering temperature, could be avoided [14] .
In the present work, short-carbon-fibre-reinforced SiC composites with MgO-Al 2 O 3 -Y 2 O 3 as sintering additives were prepared by precursor pyrolysis-hot pressing. The effects of amount of PCS on microstructures and mechanical properties of the composites were investigated.
EXPERIMENTAL PROCEDURE

Fabrication of composites
The average tensile strength and density of the carbon fibre used in this study (Model TX-3, PAN-precursor, Elastic modulus=220 GPa, Jilin Carbon Group Company LTD. China) was 3. The starting powder for the matrix components was prepared by ball-milling of a submicron â-SiC powder, PCS and various kinds of sintering additives with a dispersing agent for 24 h in absolute ethanol using ZrO 2 balls. The short carbon fibres (4-6mm) were dispersed 0.5 h in absolute ethanol by ultrasonic waves, then the SiC-PCS-additives solution was added to the suspension of fibres. This suspension was further dispersed 0.5 h by ultrasonic waves to obtain the final slurry. After drying, the prepared green sheets were prepressed into compacts in a graphite die. Finally, the green compacts were hot pressed at 1800 o C under a pressure of 20MPa in Ar atmosphere (0.5 atm) for 1 h.
Characterization of composites
The bulk densities of the samples were measured according to Archimedes principle with deionised water as immersion medium. The flexural strength was determined using a three-point-bending test on 3×4×36 mm 3 bar with a span of 30 mm and a crosshead speed of 0.5 mm/min. For fracture toughness, single-edge-notched-beam (SENB) test was used with a cross-head speed of 0.05 mm/min and a span of 16 mm. The samples were 2×4×20 mm 3 with the notch depth to samples thickness of ~0.25 mm. For all the tests, five or six specimens were tested for each batch of composites.
Characterization of the microstructure was performed by transmission electron microscopy (TEM). The fracture surfaces of the samples were observed by scanning electron microscopy (SEM). The phase contained in the samples was identified by X-ray diffractometry (XRD) with Cu Ka radiation.
RESULTS AND DISCUSSION
XRD patterns of the composites
XRD patterns of the composites are shown in Fig.1 
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Microstructures of composites
Typical microstructures of the SO5P0 composite are represented in Fig.2 . It was apparent that the direct contact interphase between the fibre and matrix was so much in the SO5P0 composite that the fibre/matrix interfacial bonding was strong and the mechanical properties were lower than other composites with different content of PCS. On the other hand, the TEM results also showed that a small amount of a-SiC were found in the SO5P0 composite, which was consistent with the XRD results. The TEM image and diffraction pattern of a-SiC are shown in Fig.3 . Fig.4 . shows the microstructure of the composites with 20wt.% PCS. From the TEM photograph, the amorphous interphase between the fibre and matrix were found in the composites. The width of amorphous interphase is about 60-70 nm. Its SADpattern and EDS-pattern are given in Fig.5 . It can be evidenced from the SAD-pattern that the interphase was amorphous. The EDS characterization showed that the amorphous interphase consisted Y and Al elements. It is proposed that, in the composites which were prepared by the precursor pyrolysis-hot pressing sintered at temperature above 1750 o C, the reaction of Y 2 O 3 , Al 2 O 3 with the pyrolysis products from the PCS and the oxides on the SiC grains is responsible for the formation a liquid phase, distributed at the fibre/matrix interphase mainly in an amorphous form after sintering [16] . It is well known that the fibre/ matrix interfacial characteristics play a critical role in controlling the fracture properties of the composites [17] . This kind of interphase not only avoided the direct contact of the fibres with matrix, but also improved the fibre/matrix bonding and realized the pull-out function of carbon fibre. So it could be concluded that the composites with suitable content of PCS could form liquid phase and amorphous interphase, which exhibited easier densification and higher mechanical properties.
The microstructure of the SO5P30 is shown in Fig.6 ., some nano crystals a-SiC were also found in the composite. The average grain size of PCS-derived SiC was as small as about 200 nm. It was reported that pyrolysis of PCS at 1000 o C yields an amorphous powder, and crystallization begins above 1200
Very fine crystals of a-SiC, about 100-200 nm in diameter are obtained [18] . In this study those PCSderived nano crystals SiC almost lied on the surface of the particles of starting powder a-SiC, so they could play a role of filling up the void and improve the relative density of the composites. Whose TEM image and diffraction pattern of a-SiC are given in Fig.6 (a) and (b) .
It was reported that the pyrolysis products of PCS at 1000 o C in Ar included SiO 2 (4.7 wt.%) and free C (12.3 wt.%) besides SiC (80.6 wt.%). The shrinkage of PCS during processing and the presence of free carbon which is one of the pyrolysis products of PCS, result in some pores [19] . Due to excessive PCS were 
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added to the SO5P30 and SO5P40 composite, more pores were found in those composites which exhibited lower mechanical properties.
From these results, suitable amount of PCS and additive are necessary in order to better control of fibre/matrix interphase and to improve mechanical properties of the composites.
Mechanical properties of composites
The mechanical properties of composites are given in Fig.7 . It was reported that bending strength of PCS added SiC fabricated by hot-pressing was higher than that of SiC ceramic without PCS, where the former was much finer grain size than the latter [20] . The reason for the lower strength of the composite obtained in this study may be attributed to the carbon fibre which werent well distributed.
As shown, the SO5P0 composite exhibited much lower mechanical properties, which was attributed to the fact that the fibre/matrix interfacial bonding was too strong. This may be lead to the degeneration of the carbon fibres. In addition, the bending strength was improved with increasing content of PCS, the highest flexural strength, 232.65 MPa and the highest fracture toughness, 5.24 MPa m 1/2 were also obtained for the composites with 20 wt.% PCS. This result indicated that the amount of PCS and sintering additives are suitable to higher mechanical properties, a relatively high-volume fraction of liquid may be formed at the sintering temperatures, which is benefit for the densification of the composites. A desirable fibre/matrix interfacial bonding was also obtained, which facilitated the debonding and pullout of the fibres. sintering and the presence of free carbon leaded to the poor densification of composite. So the fibre/ matrix interfacial bonding was too weak to effectively transfer load from matrix to fibres, the fracture behaviour of the composites showed a completely brittle fracture. The result showed that the fibre/ matrix interphase characteristics played a key role in controlling mechanical properties of the composites.
The SEM fracture surfaces images of the composites sintered at 1800 o C are shown in Fig.8 . They showed that the prevalent toughening mechanism operating in the composites was the debonding and pullout of the fibres. A smooth surface of the pullout fibre from the SO5P20 composites suggested a suitable interphase for this kind of composites. It was expected that the temperature and the liquid phase didnt result in degradation of the carbon fibre. But the surface of the pullout fibre from the SO5P0 were coarse, the strong bonding of the fibre/matrix may be lead to the degeneration of the carbon fibres. Work on the effect of liquid phase on the mechanical properties of fibres is now in progress.
The decrease in bending strength and fracture toughness of the SO5P30 and SO5P40 composites were mainly attributed to excessive PCS were added to the composites. The shrinkage of PCS during C via the liquid-phase-sintering mechanism. The highest mechanical properties were obtained for the composites with 20 wt.% PCS content. Amorphous interphase in these composites can improve the fibre/ matrix bonding. The nano PCS-derived SiC could play a role of filling up the void and improve the relative density of the composites.
